Background: Late-life depression and physical frailty are supposed to be reciprocally associated, however, longitudinal studies are lacking. Objectives: This study examines whether physical frailty predicts a higher incidence of depression, as well as a less favorable course of depression. Methods: A population-based cohort study of 888 people aged 65 years and over with follow-up measures at 3, 6, and 9 years. Cox proportional hazards models adjusted for age, sex, education, smoking, alcohol usage, and global cognitive functioning were applied to calculate the incidence of depressed mood in those nondepressed at baseline (n ¼ 699) and remission in those with depressed mood at baseline (n ¼ 189). Depressed mood onset or remission was defined as crossing the cut-off score of 20 points on the Center for Epidemiological Studies-Depression Scale combined with a relevant change in this score. Physical frailty was based on the presence of 3 out of 5 components (ie, weight loss, weakness, slowness, exhaustion, and low physical activity level). Results: A total of 214 out of 699 (30.6%) nondepressed persons developed depressed mood during follow-up. Physical frailty predicted the onset of depressed mood with a hazard rate of 1.26 (95% confidence interval 1.09e1.45, P ¼ .002). Of the 189 persons with depressed mood at baseline, 96 (50.8%) experienced remission during follow-up. Remission was less likely in the presence of a higher level of physical frailty (hazard rate ¼ 0.72, 95% confidence interval 0.58e0.91, P ¼ .005). Conclusions: Because physical frailty predicts both the onset and course of late-life depressed mood, physical frailty should receive more attention in mental health care planning for older persons as well as its interference with treatment. Future studies into the pathophysiological mechanisms may guide the development of new treatment opportunities for these vulnerable patients.
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Late-life depression places a great burden on patients and society, 1 partly because of its often chronic course and high relapse rates. Not only depressive disorder, but also clinically relevant depressive symptoms have high impact on well-being, disability, and utilization of health care services. 1 Late-life depression is a complex mood disorder with various etiological pathways and high comorbidity rates with cognitive decline and physical diseases. 6e9 These high comorbidity rates suggest involvement of general aging mechanisms. In an earlier study, we showed that 27% of depressed older patients can be classified as physically frail. 10 Recently, a consensus conference concluded that physical frailty is an important medical syndrome with multiple causes and contributors that is characterized by diminished strength, endurance, and reduced physiologic function that increases an individual's vulnerability for developing increased dependency and/or death. 11 Promising ideas were the optimism about the possibility to prevent and treat frailty and, thus, the need to take frailty into account in geriatric medicine. Despite shared underlying pathophysiological mechanisms of depression and frailty, 12 the concept of frailty has received little attention in mental health care for older persons. This can partly be explained by overlapping criteria of frailty and psychiatric diseases, which is most apparent for broader frailty concepts (including both physical and psychosocial components, such as depressive symptoms). The physical frailty phenotype for example remained significantly associated with late-life depression when overlapping criteria were omitted. 13 Accordingly, latent class analyses have shown that physical frailty and depression identify distinct, but overlapping subpopulations. 14 For research into the relations between depression and frailty, the physical frailty phenotype by Fried et al, 15 defined as the presence of 3 out of the following 5 criteria: weight loss, weakness, slowness, exhaustion, and low physical activity level, is particularly useful, as depressive symptomatology is not part of this frailty definition. This is in line with the conclusions from the earlier mentioned consensus conference.
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If frailty indeed can be distinguished from late-life depression, it may be expected that physical frailty will be predictive for the onset of depression (as an adverse health effect). Additionally, it may be expected that frailty in depression is associated with negative health effects independent of the adverse effects of late-life depression itself, such as a more persistent course. Such data will contribute to the relevance of physical frailty in late-life mental health, and may ultimately lead to different interventions for frail and nonfrail persons, as previously have been suggested in general medicine. 16, 17 To date, the impact of physical frailty on incident depression has been examined twice using a prospective study design. Both studies identified physical frailty as an independent predictor of incident depression. 18, 19 Generalization to a Western society, however, may be limited as both studies were conducted in an Asian population. Moreover, one of them had a follow-up duration limited to 15 months. 19 The objectives of the present study are, therefore, to investigate whether in a Western society, physical frailty also predicts a higher incidence of depressed mood in nondepressed community-dwelling older persons and, whether physical frailty decreases the chance on remission of depressed mood in persons with depressed mood at baseline.
Methods
Data are from the InCHIANTI (Invecchiare in Chianti, aging in the Chianti area) Study, a prospective, population-based cohort study. Details of the study are described elsewhere. 20 Briefly, the baseline data collection started in 1998 and was completed in 2000. It included an interview at the homes of the participants and a medical examination at the study clinic. The medical examination was conducted within 21 days after the home interview. Follow-up assessments took place at 3, 6, and 9 years after baseline. After explaining the study procedures to the participants, they were asked to sign informed consent forms. The ethics committee of the Italian National Institute of Research and Care on Aging approved the study protocol. The InCHIANTI study included 1155 persons aged 65 years and older. Because of the missing data on depressed mood at baseline (N ¼ 76) or lack of follow-up data with respect to depressive symptoms (N ¼ 191), the present study included 888 participants. Persons with missing data were significantly older [82.3 (standard deviation 7.6) vs 73.4 (6.3) years, P < .001], less educated [4.2 (3.2) vs 5.6 (3.3) years, P < .001], had more somatic diseases (1.18 vs 0.89, P ¼ .002), and were more likely to be frail (20.2 vs 6.8%, P < .001). The 2 groups did not differ with respect to gender and depressed mood status at baseline.
Depressed Mood
Depressive symptoms were assessed at baseline, 3 years, 6 years, and 9 years of follow-up, using the Center for Epidemiological Studies-Depression Scale (CES-D). The CES-D is a self-report 20-item measurement scale for depressive symptoms experienced during the previous week. 21 It has been shown to be a valid and reliable instrument for identifying depressed mood in community-dwelling older adults. 22 The sum score ranges from 0 through 60, whereas a score of 20 was the best indicator of clinically relevant depressive symptoms within the InCHIANTI sample. 23, 24 Crossing the cut-off of 20 points combined with a relevant change on the CES-D was considered the primary outcome variable (ie, onset of depressed mood in case of no depressed mood at baseline and remitted depressed mood in case of depressed mood at baseline). A relevant change was defined as a decrease or an increase of at least 4 points (one-half a standard deviation) on the CES-D between 2 measurements. This criterion of a minimum change of 4 points was chosen to avoid random fluctuations or clinically irrelevant changes of symptoms leading to a respondent being identified as either incident depressed or remitted from depressed mood.
Frailty
Frailty was defined according to the widely used criteria of Fried et al. 15 In this definition, frailty is operationalized as the presence of 3 out of the following 5 criteria: weight loss, weakness, slowness, exhaustion, and low physical activity level. In the analyses, however, frailty was used as a continuous variable based on the number of criteria met (range 0e5). Each criterion was operationalized using previously published methods. 25, 26 Weight loss was defined as the unintentional weight loss of >4.5 kg in the past year.
Handgrip strength was used to assess weakness. If handgrip strength corresponded to the lowest quintile for stratified gender and body mass index groups, weakness was considered present. Slowness was measured by a 4-m walking test and was considered to be present when walking speed corresponded to the lowest quintile of stratified gender and height groups. Exhaustion was evaluated by a CES-D question ("How often in the last week did you feel that everything you did was an effort?"). If the participants answered "often" or "most of the time," exhaustion was considered present. Low physical activity was assessed during the home interview. It was defined as sedentary state or performing light intensity activity (ie, walking) less than 1 hour a week.
Covariates
The following covariates were included in the analyses: sociodemographic variables, life style variables, and cognitive functioning. Sociodemographic variables included age, gender, and years of education. Life style variables included smoking (nonsmoker/former smoker/current smoker) and alcohol use (<3 or 3 drinks a day). Cognitive functioning was measured by the Mini-Mental State Examination (MMSE). 27 The number of somatic diseases was established using standardized criteria that combined information from self-report history, medical records, and a clinical examination (including heart failure, coronary heart disease, stroke, chronic obstructive lung disease, hypertension, diabetes, cancer, Parkinson disease, and hip arthritis).
Statistical Analyses
All analyses will be presented for persons with depressed mood (CESD score 20) and nondepressed (CESD score <20) persons at baseline. Demographics and clinical characteristics of the participants with and without frailty (yes/no) were compared using independent samples t tests for normally distributed, continuous variables, nonparametric Mann-Whitney U tests for skewed continuous variables, and c 2 tests for categorical variables. All predictors and covariates (primary variables) that were included in the models were checked for normality and collinearity.
Missing data of determinants and covariates were handled by multiple imputations using the fully conditional specification method with IBM SPSS statistics (SPSS Inc, Chicago, IL), whereas the outcomes (depressed mood status) were not. Appendix 1 and 2 show the variables in the imputation model and their role in the model (predictor, imputed variable, or both).
In the nondepressed group, 43 datasets were created because 43% of the cases had missing data on at least 1 variable. In the depressed mood group, 58 datasets were created. 28 Analyses on the imputed dataset were considered the primary analyses. Nonetheless, results of the original data (complete cases) were also shown. 28, 29 Cox proportional hazards models adjusted for age, gender, education, smoking status, alcohol use, and MMSE score were used to examine whether frailty predicts incidence of depressed mood during follow-up (either at 3, 6, or 9 years of follow-up, CES-D scores of 20 combined with a relevant change) 24 among those originally not depressed at enrollment. The proportionality of hazards assumption was checked for the primary variables by log minus log plots.
Only subjects with data from at least 1 follow-up measure were included in the analysis. First, the number of frailty components (range 0e5) was used as a continuous predictor variable. Subsequently, the impact of the individual frailty components was examined by including each component in a separate model.
Among persons with depressed mood at baseline, a similar strategy was applied. We used Cox proportional hazards models to examine whether frailty status at baseline predicted remission of depressed mood during follow-up.
Interactions with gender were tested because the prevalence rates for both frailty and depression are higher in women than in men. Finally, because the exhaustion criterion from the physical frailty definition is derived from a depression scale (CES-D), we performed sensitivity analysis by excluding the exhaustion criterion from the frailty definition. The sum score was re-calculated on the remaining 4 frailty components. With this measure of frailty, the analyses were repeated. All statistical procedures were performed using IBM SPSS v 20. Final outcomes were considered statistically significant if P values were .05.
Results
The mean age (standard deviation) of total study population (n ¼ 888) 73.4 (6.3) years and 56.3% was female. At baseline, 21.3% had depressed mood, and 6.8% were frail. Table 1 presents the characteristics of both the depressed mood and the nondepressed group by frailty status.
Persons with baseline depressed mood were significantly older, were more often female, were less frequently a smoker, drank less alcohol, had lower cognitive functioning, were more likely to be frail, and were more likely to have depressed mood at follow-up.
Incidence of Depressed Mood
Incidence of depressed mood was assessed in persons who were not depressed at baseline (n ¼ 699). Of these persons 92.4% (n ¼ 646) had CES-D data available at 3 years of follow-up, 81.4% (n ¼ 569) at 6 years follow-up, and 64.2% (n ¼ 449) at 9 years follow-up. Of the persons not depressed at baseline, 30.6% (n ¼ 214) developed depressed mood during the 9-year follow-up. The risk of becoming depressed was increased for persons with frailty, compared with the nonfrail persons in the unadjusted analyses. When the analyses were corrected for age, gender, educational level, smoking status, alcohol use, number of somatic diseases, and MMSE score, this increased risk remained present [hazard rate (HR) ¼ 1.26, 95% confidence interval (CI) 1.09e1.45, P ¼ .002]. Subsequently, frailty components were analyzed separately. Only low physical activity level significantly increased the risk of incident depressed mood ( Table 2) . 
Remission in Depressed Mood Group
Remission of depressed mood was assessed in persons who had depressed mood at baseline (n ¼ 189). Follow-up data were available for 93.7% (n ¼ 177) at 3 years follow-up, for 73.0% (n ¼ 138) at 6 years follow-up, and for 49.7% (n ¼ 94) at 9 years follow-up. Of the persons with initially depressed mood, 50.8% (n ¼ 96) experienced remission during follow-up.
With regard to remission during follow-up, Cox regression analysis showed that frailty strongly predicts lower remission during follow-up (Table 3 ). This increased likelihood of remission remained present, also in the fully adjusted model (HR ¼ 0.72, 95% CI 0.58e0.91, P ¼ .005). When frailty was decomposed into components, only absence of low physical activity level predicted remission of depressed mood in the fully adjusted model (Table 3) . No significant interactions between frailty and gender were found (nondepressed mood group: P ¼ .919, depressed mood group: P ¼ .621).
Sensitivity Analysis
The analyses were repeated after excluding the exhaustion criterion from the frailty definition. Frailty without exhaustion remained significantly associated with incident depressed mood and remission in the fully adjusted model (incidence: HR ¼ 1.31, 95% CI 1.10, 1.56, P ¼ .003, remission: HR ¼ 0.70, 95% CI 0.53, 0.92, P ¼ .010).
Discussion

Main Findings
This study describes the longitudinal association between physical frailty and depressed mood; focusing on incidence as well as remission of depressed mood. It is confirmed that the severity of frailty negatively interferes with both the onset and remission of latelife depressed mood independent of age, sex, level of education, lifestyle, somatic diseases, and global cognitive functioning.
Comparison With Literature
Our findings are fully in line with a recent systematic review on the relationship between frailty and depression. 30 The authors concluded that frailty, its components, and functional impairments are risk factors for depression. 30 In most of the included cohort studies, however, frailty was defined by Activities of Daily Living indices. None of these cohort studies used a definition of frailty according to the physical phenotype. This is important, as physical frailty should reflect the biological age of a person and should be distinguished from disabilities and multimorbidity. 11 Not included in this review are 2 recent studies on the longitudinal association between physical frailty and depression. 18, 19 Both studies find that physical frailty predicts the incidence of depressive symptoms in an Asian population. In 1 study, the persistence of depressive symptoms is also investigated, and frailty is identified as an independent predictor of persistence of depressive symptoms. 18 Our findings not only confirm these findings for a Western population, but also extend these findings by determining the contribution of frailty to remission in a group that has depressed mood at baseline. Furthermore, the risk of depression in the case of frailty is also confirmed for a relatively long follow-up period (9 years). With regard to components of frailty; weight loss, slowness, exhaustion, and low physical activity seem to contribute to the impact of frailty on the onset of depressed mood, whereas the impact of weakness seems to be less strong. Nonetheless, only low physical activity significantly increased the risk of depressed mood onset in the fully adjusted models. The association between low physical activity and incident depression is in line with previous studies. 31 Among older persons suffering from depressed mood, frailty was associated with a lower chance on remission during follow-up. The impact of frailty on remission of depressed mood seems to be driven by slowness and low physical activity level, whereas an impact of and weight loss was reverse. Previous research showed the same (nonsignificant) inverse association of weight loss with depressed mood. 18 Nonetheless, again only (absence of) low physical activity level was an independent predictor of remission in the fully adjusted models.
So, what do the findings among depressed and nondepressed persons tell us about the concept of frailty? The physical frailty phenotype according to the criteria of Fried et al 15 is a widely used and well-validated concept. 11 In our study, the construct of frailty is consistently associated with depressed mood. Results with respect to the individual frailty components also seem consistent. With respect to the prediction of depressed mood, all components pointed toward the same direction. Regarding remission of depressed mood, the association with weight loss is opposite to the direction of the association of the other frailty components. When the uni-dimensionality of physical frailty is examined with respect to its association with late-life depression, zooming in on frailty components may help revealing the validity of the concept of frailty. Future studies, therefore, should pay more attention to the relationship between adverse outcomes and the individual components of frailty.
In recent research, it was found that overlap between depression and frailty was highest for the somatic and severely depressed subgroups; almost three-quarters of the severely depressed older persons was also frail. 32 The co-occurrence of frailty and depressed mood is confirmed in the present study. The frailty prevalence of 6.8% in the present study, however, is lower than the prevalence rate we found before in a metaanalysis of frailty prevalence among community dwelling older persons (10.7%). 10 This difference can almost completely be explained by the higher prevalence of frailty (20.2%) among the persons that were excluded due to missing data. Nonetheless, another less weighty explanation for this finding may be the lower age of the InCHIANTI participants, compared with the mean age of the participants in the meta-analysis, as the prevalence of frailty increases with age. What underlies this compound between physical frailty and depression? Shared mechanisms include low-graded inflammation, nutritional deficits among which vitamin D deficiency, lack of exercise and sarcopenia, and/or age-related hormonal changes, which all have been associated with frailty as well as depression. 31,33e40 These pathophysiological mechanisms add to the multifacetted pathways to both frailty and depression. Moreover, when depression and frailty are simultaneously present, disentangling causes and consequences of either one from another becomes challenging. For instance, a factor like lack of exercise can be part of the path toward frailty and depression, as well as a result of one or both of these syndromes. All factors may even occur in a complicated vicious circle. Nonetheless, the longitudinal association between frailty and depression is clearly present in this study. Therefore, treatment of frailty deserves a more prominent role in late-life depression, as it may prevent depression or shorten the duration of depression. Older persons that are not only depressed, but also frail confer specific complex care needs.
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Strengths and Limitations
Our study has some important strengths. The association between frailty and depressed mood was examined within a prospective design, with data of 9 years of follow-up. A large, community-based sample was used, providing the opportunity to investigate onset, as well as persistence of depressed mood. Frailty was included as a continuous variable, reflecting the dimensional nature of physical frailty. 43 Relations were further disentangled by examining components of frailty separately. Because the dropout of study participants during follow-up is selective when studying older persons (in our case the most frail participants dropped out during follow-up, data not shown), the strength of the association between frailty and depressed mood may decrease at the end of the follow-up time (9 years). Cox regression analysis takes this into account by censoring the data at time of dropout. Nonetheless, the findings have to be interpreted in light of the study limitations also. In our sample, persons with missing data on baseline depressive symptoms or all follow-up data on depressive symptoms were excluded prior to the analyses. The persons with missing data were older, less educated, more frail, and had more somatic diseases, compared with persons with no missing data. This implies that the most frail and unhealthy persons were not included in the analyses, and, therefore, the findings may be biased toward an underestimation of the association between frailty and depressed mood.
Depressive symptoms were assessed with the CES-D; a self-report questionnaire. With a score of 20 combined with a relevant change in symptoms (4 CES-D points), a person was considered to have depressed mood. Although a CES-D score of 20 points or more reflects clinically relevant depressive symptoms, 22, 44 it is not necessarily a psychiatric diagnosis of major depressive disorder. 22 Our results should, therefore, be confirmed by future studies assessing depressive disorder according to DSM-5 or International Classification of Diseases-10th revision criteria. Finally, the history of depression was unknown, and some of the persons in the nondepressed group may have suffered from depressed mood in the past.
Clinical Implications
This study confirms that frailty predicts incidence of depressed mood and not being frail predicts remission. In long-term care, both frailty and depression are highly prevalent, 45, 46 and these findings may change the perspective on the treatment of late-life depression and frailty. Our results imply that interventions proven to improve the frailty status, such as exercise, nutritional intervention, and vitamin D supplementation, 11 might be relevant for old age psychiatry and for prevention of frailty. Future research should guide interventions for persons suffering from frailty and depression, especially the influence of treating frailty and the consequences for depression. When patterns of missing data were analyzed, it showed that data was missing by a random pattern and, therefore, the Fully Conditional Specification Method was used. We created 58 datasets, as 58% of the cases had at least 1 missing value. 29 In total, 7.1% of the data were missing. The imputation included the variables that were used in the final model. When patterns of missing data were analyzed, it showed that data was missing by a random pattern and therefore the Fully Conditional Specification Method was used. We used the Fully Conditional Specification Method and created 43 datasets, as 43% of the cases had at least 1 missing value. 29 In total, 4.7% of the data were missing.
The imputation included the variables that were used in the final model.
